The cardio-ankle vascular index (CAVI) is a novel non-invasive marker of arterial stiffness and atherosclerosis. The aim of this work was to examine whether the CAVI value in patients with dyslipidaemia (DLP) is increased by the presence of other cardiovascular risk factors: hypertension, diabetes mellitus, and smoking. Methods: A total of 392 subjects with DLP (166 male, 226 female), with a median age of 58.5 and 5-95 percentile range 32.2-73.9 years were examined. CAVI was measured using the VaSera 1500 system. Results: CAVI correlated significantly with age (p＜0.001) and both systolic (p＜0.001) and diastolic (p=0.002) blood pressure; higher values were found in men (p= 0.034) than in women in the 56-65 age group. There was no significant difference in CAVI between smokers and non-smokers (p = 0.217) and between subjects with and without diabetes mellitus (p=0.424). CAVI was significantly higher in subjects with hypertension than in the normotensive group (p＜0.001) and in statin-treated subjects than in those without statins (p＜0.001); however, CAVI values adjusted for age and sex did not differ significantly between these groups. Adjusted CAVI values were higher only in smokers than in non-smokers (former smokers) (p＜0.001).
of death in developed countries. They arise from the progression of atherosclerosis -a chronic artery disease that develops over many years without clinical symptoms, until its severity narrows the artery and causes a sudden obstruction. Progression of atherosclerosis may be decelerated, stopped or even reversed by intensive treatment of the main cardiovascular risk factors, primarily by aggressive cholesterol lowering. For example, aggressive statin treatment may lead to the reduction
Methods

Patient Groups
The studied population consisted of 392 subjects (166 men, 226 women) aged 18 years and above (median age of 58.5 and 5-95 percentile range 32.2-73.9 years), with DLP. The patients were followed up in the Outpatients Department of Preventive Cardiology and underwent regular check-up examinations between January 2010 and November 2011. DLP was defined by any of the following parameters: total cholesterol ＞5.0 mmol/L, LDL-cholesterol ＞3.0 mmol/ L, triglycerides ＞1.7 mmol/L, HDL-cholesterol ＜1.2 mmol/L (women) or ＜1.0 mmol/L (men), or hypolipidaemic drug treatments. In all subjects, the main causes of secondary DLP (e.g. hypothyroidism, renal disease, uncontrolled diabetes mellitus, liver disease, and alcoholism) were excluded. Diagnosis of diabetes mellitus was made if the concentration of venous plasma glucose was ≥ 7.0 mmol/L or if antidiabetic drugs were used. Hypertension was defined as systolic blood pressure (BP) ≥ 140 torr or/and diastolic BP ≥ 90 torr or use of antihypertensive drugs. All currently smoking patients (regardless of the number of cigarettes) were considered as smokers; former smokers were patients who had smoked in the past and non-smokers were patients who had never smoked at all.
All patients with manifested atherosclerotic disease (previous stroke or transient ischemic attack, previous angina pectoris or myocardial infarction, documented chronic ischemic heart disease, peripheral artery disease, cardiomyopathy or significant valvular disease, arrhythmia and also patients with heart failure) were excluded from the study. All subjects in this study were Caucasian and of Slavic origin. The study complied with the Declaration of Helsinki and was approved by the Ethics Committee of St. Anne´s Faculty Hospital Brno. Written informed consent was obtained from the study participants at the beginning of the study.
Anthropometric Indices
Height and weight were measured by trained medical staff; BMI was calculated as weight (kg)/ height squared (m 2 ).
Biomedical Markers
Blood pressure was measured twice (in a sitting position): once in the waiting room upon arrival and again after at least 10 minutes of rest, and the mean was calculated. Blood samples for lipid and glucose analysis were taken in the morning after 8-10 hours of of both atherosclerotic plaques and thus the incidence of coronary artery disease (CAD) and strokes 1, 2) . Therefore, early detection of atherosclerotic plaque development by a simple, quantitative and non-invasive assessment is very important for prevention of future clinical cardiovascular events. A widely used method is the measurement of carotid intima-media thickness, a strong predictor of cardiovascular events, assessed by high-resolution B-mode ultrasonography 3, 4) . Another non-invasive method for the detection of early stages of atherosclerosis is the measurement of large artery stiffness by brachial-ankle pulse wave velocity (PWV) 5, 6) . Brachial-ankle PWV enables the assessment of both central elastic and peripheral muscular arterial stiffness; it has been shown to be a predictor of coronary artery disease and may serve as a prognostic factor of acute coronary syndrome 7, 8) . However, there are several limitations of its use in clinical practice: reproducibility of PWV measurement is relatively low, this method is rather technically difficult and the results of PWV are affected by changes in blood pressure (BP) during measurement since brachial-ankle PWV itself essentially depends on BP 9, 10) ; therefore, another simple method for early detection of atherosclerosis has been researched. Recently, a new non-invasive screening tool for atherosclerosis detection, the cardio-ankle vascular index (CAVI), has been introduced 9) . CAVI is measured by a VaSera device (Fukuda Denshi Co., Tokyo, Japan) using sophisticated new oscillometric technology 11) . CAVI represents the stiffness of the aorta, femoral artery and tibial artery, and is essentially BP independent because of the adjustment of BP based on a stiffness parameter β 9, [12] [13] [14] [15] . It is a marker suitable for atherosclerosis assessment in various arteries, primarily the femoral artery, aorta and tibial artery 13) . Several studies have shown the usefulness of CAVI for the detection of atherosclerosis 10, 16, 17) . The results of CAVI measurements have been reported in patients with various cardiovascular risk factors, such as obesity, metabolic syndrome and essential hypertension 15, 18) ; however, there is very limited information on CAVI in patients with dyslipidaemia (DLP) 14) .
Aim
The aim of this study was to evaluate whether CAVI differs in dyslipidaemic subjects with and without the main cardiovascular risk factors: hypertension, diabetes mellitus and smoking. 
Results
Basic characteristics of the studied population (patients with DLP) are summarized in Table 1 . The median age was 58.5 years (5-95 percentile range 32.2-73.9 years), BMI was in the overweight range and there were 28.1 % smokers and 13.3% of patients with diabetes mellitus. Of 52 patients with diabetes, 2 suffered from type Ⅰ diabetes mellitus (treated by insulin), 50 from type Ⅱ diabetes; 38 type Ⅱ diabetics (76%) were treated with peroral antidiabetics, 3 were treated with a combination of peroral antidiabetics and insulin and 9 patients were not treated at all.
The studied population further included 154 patients with hypertension, of whom 146 (95%) were treated with antihypertensive drugs. Sixty-five patients used monotherapy, 48 were treated by a combination of two compounds, 30 by three and 3 patients by four drugs. The following antihypertensive drugs were used: ACE inhibitors were used by 67 patients, Ca channel blockers by 51 patients, beta-blockers by 40, ARB (sartans) by 39, diuretics by 24, and central antihypertensives by 12 patients. Most subjects (60.5%) were treated with statins, and therefore total cholesterol and LDL-cholesterol was only slightly elevated, fasting and they were sent for analysis to the laboratory within half an hour after collection. All laboratory tests were carried out in the same laboratory. Lipids and lipoprotein analyses were performed on the Modular SWA P300 analyser (Roche, Basel, Switzerland) with commercially available kits: total cholesterol and triglycerides were assayed by the enzymatic colorimetric method (Roche Diagnostic GmBH), HDL-cholesterol by the homogenous method for direct measuring without precipitation (Sekisui Medical, Tokyo), and apolipoprotein B by immunoturbidimetric assay. LDL-cholesterol was calculated according to the Friedewald equation 19) .
CAVI Measurement
CAVI was measured using the system VaSera 1500 (Fukuda Denshi Co.), adopting the oscillometric method for blood pressure measurement. It does not measure BP in the 4 limbs simultaneously but first measures BP at the right brachial and ankle and then at the left brachial and ankle. Thus, arteries on the right and left sides are pressurized alternately with the other side open. This procedure does not only reduce the burden on examinees but also enables more accurate measurement. The CAVI calculation is based on stiffness parameter β obtained by means of the Bramwell-Hill equation 9, 20) : CAVI=(InPs/Pd)×2ρ/ΔP×PWV 2 , where Ps and Pd are the systolic and diastolic blood pressure, respectively, PWV is the pulse wave velocity between the heart and ankle, ρ is blood density, and ΔP is pulse pressure.
CAVI was measured by trained medical staff, with the participant resting in a supine position and the head held in the midline position. ECG and phonocardiography were monitored during the measurement. In order to limit the effect of diurnal variations, all subjects were always examined at the same time, between 8:00-11:00 AM. The examination was conducted in a quiet room and at a stable temperature of 21-22 ℃.
Statistics
Standard summary statistics were used to describe primary data; 5th and 95th percentiles for continuous variables; absolute and relative frequencies for categorical variables. Statistical significance of differences between/among groups was assessed using the Mann-Whitney U test or the Kruskal-Wallis test for continuous parameters, respectively. For evaluation of the relationship between selected variables and CAVI, Spearman's rank correlation coefficient was applied. All analyses were computed for primary CAVI data BP: blood pressure; continuous variables are described using the median and 5th-95th percentile range, categorical variables are described by their absolute frequencies and percentage statin dose was 32 mg/day. Differences in gender, age and CAVI according to selected groups of patients are overviewed in Table  2 . Significantly higher CAVI values were found in subjects with hypertension than in normotensive suband HDL-cholesterol, triglycerides and apolipoprotein B were in reference ranges ( Table 1) . Out of the total number of patients treated with statins (237), 124 (52%) used atorvastatin, 70 (30%) simvastatin, 24 (10%) rosuvastatin, and 19 (8%) fluvastatin. Average CAVI: cardio-ankle vascular index; r: Spearman's rank correlation coefficient poprotein B) ( Table 3) ; however, age-and genderadjusted CAVI correlated significantly with both systolic and diastolic blood pressure (p＜0.001).
Discussion
It is well known that the progression of atherosclerosis is accelerated in patients with DLP, hypertension and diabetes mellitus in comparison to the healthy population, particularly when two or more risk factors are present. A new approach for the noninvasive diagnosis of atherosclerosis is the measurement of CAVI, which essentially represents stiffness of the aorta, femoral artery and tibial artery as a whole 13) . It has been reported that CAVI is a sensitive index of preclinical and clinical atherosclerosis 15, 17, 21) that may imply also progression of carotid and coronary arteriosclerosis 10, 16) . Thus, the aim of this study was to evaluate whether the CAVI value in patients with DLP depends on the presence (or lack) of other cardiovascular risk factors: diabetes mellitus, hypertension, and smoking. In our data set, CAVI values significantly increased in DLP patients with hypertension as compared to normotensive patients; however, hypertensive group members were older than those in the group without hypertension, and CAVI is an age-dependent parameter 7, 22) . It has been reported that CAVI of healthy men increased almost linearly with age from 20 to 70 years 23) ; a positive correlation between CAVI jects (p＜0.001), but the hypertensive group was older than the normotensive group (p＜0.001). There was no significant difference in CAVI among smokers, previous smokers and non-smokers (p = 0.217) and no differences in CAVI were observed between subjects with or without diabetes mellitus (p=0.424) ( Table 2) . When CAVI in the groups with and without statin treatment was compared, a significantly higher value was found in patients treated with statins (p＜0.001). A statistically significant correlation of CAVI with age (p＜0.001) was found (Fig. 1) . As the men and women differed statistically significantly in age (median age 52.9 and 61.8, respectively, p＜0.001), CAVI relationship to gender was analysed within the age groups (Fig. 2) . CAVI values were higher in men then in women in all age groups; however, a statistically significant difference was found only in the 56-65 age group (p = 0.034). Based on these results, the linear regression adjustment of CAVI for age and gender as predictors was computed.
Age-and gender-adjusted CAVI values did not differ in selected groups of patients: with or without hypertension, diabetes mellitus, treated or untreated with statins ( Table 2) . Adjusted CAVI values were significantly higher in smokers than no-smokers (former smokers) (p＜0.001). No significant correlation was found between age-and gender-adjusted CAVI and blood lipids and lipoproteins (total cholesterol, LDLcholesterol, HDL-cholesterol, triglycerides, and apoli- well as in combination with a diuretic drug, hydrochlorthiasid [27] [28] [29] [30] . In this study, 95% hypertensive patients were treated with antihypertensives, of which 74% used sartanes, Ca channel blockers or diuretics. This may result in CAVI, after adjustment for age and gender, not differing significantly between patients with and without hypertension.
An important risk factor for premature atherosclerosis is also diabetes mellitus. It has been reported that CAVI is increased in patients with diabetes mellitus and that there is a relationship between increased CAVI and HbA1c 25) . Increased CAVI has been found in Japanese patients with metabolic syndrome 31) and, among hemodialysed patients, those with diabetes mellitus had a significantly higher CAVI than patients without diabetes 13) . However, in our set of Czech patients with DLP, we did not find increased CAVI in DLP patients with diabetes mellitus as compared to those without diabetes. When interpreting these results, it is necessary to take into consideration that CAVI in diabetic patients may be affected also by glucose-lowering drugs, which decrease CAVI 32, 33) . In our set of patients, 77% of those with diabetes mellitus were treated with glucose-lowering drugs. This may explain why CAVI in our group of diabetic patients did not differ significantly from CAVI in the group of non-diabetic patients.
Smoking is another important risk factor for premature atherosclerosis and it has been reported that CAVI could reflect the smoking status: CAVI was increased by smoking and complete smoking cessation improved CAVI 34) . In this study we confirmed the previous results: CAVI in smokers was significantly higher than CAVI in non-smokers or former smokers, although smokers were younger than non-smokers and previous smokers.
Another well-known risk factor for premature atherosclerosis is DLP, primarily a high level of LDL and age was also confirmed in this study.
Concerning gender differences, Shirai (23) has proven that CAVI values are higher in men than in woman. As there was a different age structure of men and women in our set of patients, the CAVI relationship to gender within age groups was analysed. Higher CAVI values in men than women were confirmed, but this difference was statistically significant only in the 56-65 age group.
Due to age and sex CAVI differences, the adjustment model included both age and gender in order to achieve the best possible removal of influence of these confounding factors. After this adjustment, CAVI values did not differ significantly between hypertensive and normotensive subjects.
As far as the relationship between CAVI and blood pressure is concerned, several authors have reported that CAVI correlates significantly with blood pressure 13, 23) . On the other hand, CAVI is not affected by blood pressure at the time of measurement, so these studies demonstrated the real correlation between blood pressure itself and arterial wall stiffness 14, 15, 23, 24) . Our study confirmed a significant correlation between CAVI and both systolic and diastolic blood pressure, but significant differences in age-and gender-adjusted CAVI between subjects with and without hypertension were not found. Similar results were reported by Ibata 25) , who showed that, after multiple regression analysis, systolic blood pressure was not a significant risk factor of increased CAVI. This apparent discrepancy may be explained in two ways: a) CAVI is not affected by the actual value of blood pressure, but it is affected by changes in the contractility of smooth muscle cells in the vascular wall 26) ; b) CAVI can be decreased by certain antihypertensive drugs. Decreased CAVI has been reported, for example, after antagonists of angiotensin Ⅱ receptor (sartanes) and after calcium channel blockers, in monotherapy as treatment with these substances was introduced much earlier than the measurement of CAVI and discontinuation of treatment before CAVI measurement for a longer time was impossible for ethical reasons; however, the aim of this study was to assess CAVI values in routinely treated DLP subjects with and without other risk factors. Thirdly, when interpreting our results it must be taken into consideration that CAVI essentially represents stiffness of the aorta, femoral artery and tibial artery as a whole 13) ; thus, stiffness of other arteries might not be always manifested as CAVI change.
In conclusion, in our set of patients we demonstrated that the CAVI value in treated DLP patients is not significantly affected by hypertension and diabetes mellitus, but is increased by smoking; however, further studies using clinical long-term follow-up and casecontrol studies are required.
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The authors declare no conflicts of interest. 14) reported that CAVI had a poor relationship with total cholesterol and LDL-cholesterol levels and there was no correlation among CAVI and the triglyceride and HDL-cholesterol levels observed. Higashiyama 35) reported recently that in patients without cardiovascular disorders with moderately increased LDLcholesterol, CAVI correlates better with the high-sensitivity C-reactive protein (hs-CRP) value than with the LDL-cholesterol level. The highest CAVI was found in the group of patients with increased LDLcholesterol as well as hs-CRP. Moreover, CAVI in patients with dyslipidaemia may be influenced also by treatment with hypolipidaemics 36, 37) . It has been reported that statins decrease CAVI and improve arterial stiffness in patients with coronary artery disease and hyperlipidaemia 38, 39) . In our study, 65% of patients were treated with statins, which might decrease the average CAVI value. Lipid-lowering therapy with statins in our set of patients was sufficient since average values of total cholesterol as well as LDL-cholesterol were close to the average values in the Czech population. According to the results of the Czech post-MONICA study, the average values of total cholesterol and LDL-cholesterol in the Czech Republic in 2006-2009 were 5.3 and 3.2 mmol/L 40) . There are several limitations of this study. First, the study was not designed as a case-control study; therefore, the subjects with and without risk factors were not age-and sex-matched. Nevertheless, adjustment for age and sex is a well-accepted statistical approach to overcoming differences between study and control populations. Secondly, it was not possible to evaluate the direct effect of treatment with statins, antihypertensive drugs and glucose-lowering drugs on CAVI, since
